The model tries to determine optimal allocation of natural gas in the time horizon between 1 and 3 years by minimizing both
• The uncertainty in future weather conditions • The demand for natural gas due to changes in weather conditions • The expected demand for natural gas that can be estimated through "reasonable extrapolation of past data" by taking consideration of 1. availability of natural gas 2. population growth
per capita income
The construction of the model:
A single natural gas utility supplies natural gas to a network of interconnected geographical regions. The size of each geographical region depends on
• the amount and varieties of energy required by that region and • the service area of natural gas utility. The natural gas utility buys natural gas from three different sources:
• Regular sources such as transmission line companies and local producers • Nonregular sources for emergency purchases • Gasifying coal plants that produce synthetic natural gas (not available at this time) The natural gas utility sells natural gas to three different consumers:
• Residential consumers such as homes • Commercial consumers such as businesses • Industrial consumers such as manufacturers Consider the figure below:
The figure explains how much natural gas flows from the suppliers to the consumers in a service area supplied by a single natural gas utility during a single time period.
Linear Problem P(r) of the model:
Find the optimal purchase of natural gas by the natural gas utility with respect to the demand forecasted during the end of time period r for demands during following periods.
Variables of the model:
Let MMCF be one million standard cubic feet at 60 0 F and i={a, b, c}. Then, X(g, t) = quantity of natural gas (MMCF/week) to be allocated from storage facility of utility g to consumers during time period t. Y(i; g; t, t+u(i,t)) = quantity of natural gas (MMCF/week) ordered by utility g from source i, during time period t, and to be obtained and allocated to consumers during time period t + u(i, t). Z(i; g; t, t+u(i,t)) = quantities of natural gas (MMCF) ordered by utility g, from source i, during time period t, to be obtained and stored during time period t + u(i, t). T(t) = length of time period t in weeks I(t) = total working gas (MMCF) in storage facility of utility g, at the end of period t, after satisfying the requirements in period t. I(r) = the inventory at the end of time period r. D(r; k; t) = the total demand for natural gas (MMCF/week) during time period t, by consumers in geographical region k which was forecasted at the end of time period r (r < t).
Objective functions of the model: 1. Minimizing the expected total shortage of natural gas in a service area supplied by utility g, for all periods following period r.
min SH(g; r) = ∑ T(t)[ ∑ D(r,k,t) -∑ [∑Y(i; g; j, t) +∑Y(i; g; j, j+u(i,t))]-X(g, t)] 2. Minimizing expected cost of natural gas (direct cost of buying it and storing it) to utility g, for all periods following period r. min W(g; r) = ∑[T(t)∑ C(i; g; t)[Y(i; g; t, t+u(i,t)) + Z(i; g; t, t+u(i,t)) + f(g; t)I(t)] where C(i; g; t) = unit cost ($/MMCF) of buying natural gas from source i by utility g during time period t. f(g; t) = cost to store one MMCF of natural gas from time period t to time period t+1 in storage facility belonging to utility g.
Constraints of the model:
• Demand Constraints for consumers in geographical region k, within the service area of single utility g, during time period t (t > r) are given by α (g; k; t) [∑ [∑Y(i; g; j, t) +∑ Y(i; g; j, j+u(i, j))] + X(g, t)] ≤ D(r; k; t) for 1≤j≤ r
